ABSTRACT. Background. Despite the importance of anaphylaxis, little information is available on its clinical features.
A naphylaxis is usually considered an acute, severe reaction, often with dyspnea, angioedema, and hypotension, resulting from the release of preformed, newly sensitized bioactive mediators from mast cells and basophils. 1 Food, venom, and drugs are the most common exogenous antigens that can cause an immunoglobulin E (IgE)-mediated reaction, while exercise, radiocontrast media, and some nonsteroidal antiinflammatory drugs may induce the clinical symptoms with a mechanism that is not yet completely understood. When no etiologic agent has been found despite repeated evaluations, the term idiopathic anaphylaxis is used. 2 Even if anaphylaxis is considered a life-threatening event, there is a lack of information on its prevalence and characteristics, particularly in children. In this study we describe the clinical features of 95 episodes of anaphylaxis occurring in 76 children.
MATERIALS AND METHODS

Selection of Patients
Patients referred to the clinical allergology and immunology unit of A. Meyer Children's Hospital (Florence, Italy) suffering from anaphylaxis between 1994 and 1996 were considered. A questionnaire was compiled so as to provide complete information including demographic data, both personal and family atopy history, with the symptoms, treatment, and allergologic evaluation of each child. Those who presented at least two of the main anaphylactic reaction indicators (hypotension, inspiratory dyspnea, and urticaria/angioedema) within 2 hours after exposure to one of the most probable causative agents were included.
Allergologic Evaluation
Every child was tested with glycerinated extracts (1/20 w/v) from a panel of food (milk, egg white, tomato, peanut, codfish, wheat, soy) and the most common inhalant substances (Dermatophagoides pteronissimus, Dermatophagoides farinae, horse, cat dander, dog dander, Alternaria alternata, Cladosporium herbarum, grass pollen, Parietaria officinalis, Artemisia vulgaris, plane tree, cypress, olive tree) (Bayropharm, Milan, Italy). Skin prick tests were performed on the volar side of the forearm with a lancet (Dome-Hollister Stier, Slough, United Kingdom), pricking through a drop of extract, which was immediately removed.
When necessary, additional skin tests with other commercial extracts (specific food, latex) or with fresh vegetables and fruit were carried out using the Dreborg & Foucard prickϩprick technique. 3 The reactions were assessed according to the recommendations of the European Academy of Allergology and Clinical Immunology (EAACI). 3 The average diameter of each wheal was established by measuring the longest diameter and the diameter perpendicular to it. Positivity was rated 4ϩ in the presence of a wheal double the size of the wheal induced by histamine 10 mg/mL; 3ϩ in the presence of a wheal induced by histamine; and 2ϩ if the average diameter was half that of the wheal induced by histamine. Only wheals 2ϩ or more were considered positive.
A double-blind challenge for a food additive (sodium glutamate) and for acetaminophen was performed on two occasions when the etiologic factor was misleading.
For children with a hymenoptera venom-induced anaphylaxis, skin tests with honey bee, yellow jacket, and polistes wasp (AlkAbellò ) venom extract in concentration up to 1.0 g/mL were performed. 4, 5 The allergen-specific IgE was measured using the Cap System (Pharmacia, Uppsala, Sweden) and the total IgE by an enzymelinked immunosorbent assay (ELISA) (Kallestad-Chaska-MN).
Statistical Analysis
The data were analyzed with the statistical programs STATA 4.0 for Windows (College Station, TX) and EPI INFO version 5.0 (Centers for Disease Control and Prevention, Atlanta, GA). The children were categorized (positive or negative) on the basis of the principal anaphylaxis triggering agent (venom, food, exercise, drugs, other). The relationships between the different types of anaphylaxis and other characteristics regarding both the children and the anaphylaxis episodes were analyzed by calculating the odds ratio and confidence intervals using a univariate logistic regression or by Spearman's correlation coefficient. A P value of less than .05 was considered significant.
RESULTS
Ninety-five episodes of anaphylaxis occurring in 76 (50 boys, 26 girls) children, ranging in age from 1 month to 16 years (mean age Ϯ SD ϭ 6.1 Ϯ 4.6 years), were analyzed. Sixty-six children (87%) had only one episode of anaphylaxis, while 10 (13%) had two or more episodes (4 had two episodes, 4 had three episodes, 2 had 4 and 5 episodes, respectively).
Sixty-two of the 76 patients studied (82%) had a personal history of atopic symptoms, while 14 (18%) did not. Sixty (79%) of the 76 children investigated were positive to at least one of the inhalant or food allergens tested, whereas 16 children (21%) were negative. Seventeen (21%) had more than eight reactions. Forty-three children (57%) were sensitized to at least one inhalant allergen and 48 (63%) to at least one food allergen (18 [24%] to more than six food allergens).
The most probable causative agents of the 95 episodes described are foods (57%), drugs (11%), hymenoptera venoms (12%), exercise (9%), additives (1%), specific immunotherapy (1%), latex (1%), and vaccines (2%), but in 6 cases (6%) the causative agent was never determined (Table 1) . Anaphylaxis was predominant especially in boys due to hymenoptera venom and exercise (odds ratio 9, 72 [95% confidence limits 1.29, 427.21]: P Ͻ .03).
The mean latent period (ϮSD) of the 95 episodes of anaphylaxis was 15.4 Ϯ 27.5 minutes. The age of the patients is inversely related to latency, ie, to the length of time between the initial contact with the triggering agent, when known, and the onset of anaphylaxis (Fig 1) . Skin and respiratory symptoms are more frequent than gastrointestinal and cardiovascular ones (78% and 79% vs 24% and 25%, respectively). Moreover, skin and respiratory manifestations have an earlier onset than gastrointestinal and cardiovascular ones (mean latent period of 11.08 and 10.64 minutes vs 34.04 and 33.08 minutes, respectively [p ϭ .01; p ϭ .005; p ϭ .002; p ϭ .004]). As for the site of anaphylactic events, 57% of cases occurred in the home (54/95), 12% outdoors (11/95), 5% in restaurants (5/95), 3% in a doctor's office (3/95), 3% in a hospital (3/95), 3% on a football field (3/95), 2% on the beach (2/95), 1% in the gym (1/95), 1% at school (1/95), and 1% in the operating room (1/95). The site of remaining 12% (11/95) of the cases was unknown.
Sixty-two percent of the patients (59/95) were treated in an emergency room or hospital, while 32% (30/95) were not (this information is lacking in 6% [6/95] of the cases). Seventy-two percent of the anaphylactic episodes were treated with corticosteroids (68/95), 20% (19/95) with antihistamines, 18% (17/95) with epinephrine, 5% (5/95) with ␤ 2 -agonists, and 4% (4/95) with oxygen.
Some points may be made regarding the following etiologic agents of anaphylaxis:
1. Food-dependent IgE-mediated anaphylaxis
• Forty-four children had a food-dependent anaphylaxis in 54 different episodes.
• The anaphylaxis was attributed to food when a • The patients with food-dependent anaphylaxis more often have a personal history of eczema (P ϭ .005) ( Table 2 ).
• The initial symptoms of the 54 episodes involved (P ϭ .001) the gastrointestinal system more often than the cardiovascular system (Ͻ0.05) ( Table 3 ).
• The 54 episodes occurred in a younger age (mean age Ϯ SD ϭ 5.1 Ϯ 4.8) (Fig 2) . 2. Drug-dependent anaphylaxis
• Drugs caused anaphylaxis in 10 cases: antibiotics in 5 episodes (ceftriaxone in 3, cefaclor in 1 episode, and penicillin in 1), nonsteroidal antiinflammatory drugs in 4, and a muscle relaxant in 1.
• The mean age Ϯ SD was 6.5 Ϯ 3.3 (range, 2.5-12) years. • The female:male ratio was 5:5.
• Specific IgE were demonstrated in 3 cases (cefaclor, ceftriaxone, and penicillin).
• In 1 case, with an unconvincing history of anaphylaxis after acetaminophen ingestion, a double-blind challenge was performed resulting in a generalized urticaria that occurred 30 minutes after a 100-mg dose of the active substance.
Hymenoptera venom-dependent anaphylaxis
• Hymenoptera venom caused 11 episodes of anaphylaxis in 10 subjects; specific IgE against polistes were detected in 3 cases, against wasps in 4, and against bees in 3.
• The mean age Ϯ SD was 7.6 Ϯ 3.5 (range, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] years.
• The female:male ratio was 1:9.
• Children with hymenoptera venom anaphylaxis more frequently have a negative personal atopic history (P Ͻ .0001) together with negative skin prick tests to inhalant and food allergens (P Ͻ .0001) ( Table 2 ).
Exercise-induced food-dependent anaphylaxis
• Anaphylaxis has been related to exercise in 9 cases (5 patients); in 2 cases it was specifically food-dependent (pear, chick pea), ie, a strongly suggestive history was corroborated by an allergic evaluation (skin tests, serum-specific IgE, prick by prick). In the other cases there was a strong connection with the meal; ie, the onset of symptoms occurred a few hours after the ingestion of food, but without any specific food being clearly responsible for the symptoms.
• They were all atopic subjects, with inhalant sensitivities in 4 subjects (3 had a history of asthma and oculorhinitis) while all had food sensitivities to vegetables and/or cereals and/or fruit (all of them had a history of urticaria-angioedema and 2 had also a history of diarrhea and eczema). • The female:male ratio was 0:5.
• These patients often had a history of urticariaangioedema (P Ͻ .01) ( Table 2 ).
• The episodes occurred in older children (mean age Ϯ SD ϭ 12 Ϯ 3.4) (Figure 2 ). 5. Vaccine-dependent anaphylaxis
• In 1 case anaphylaxis occurred in a 4 1 ⁄2-year-old boy who was polysensitized (dermatophagoides, milk, egg, fish, rabbit meat, and wheat) and had a previous history of urticaria-angioedema. He had immediate cardiorespiratory arrest after the administration of a measles vaccine grown on human diploid cells while still in the doc- 
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tor's office, but quickly recovered after an ABC (airways, breathing, circulation) resuscitation and a prompt administration of epinephrine and corticosteroids.
• The other case involved a 4-year-old girl who was sensitized to dermatophagoides, cat dander, and Parietaria officinalis, with a previous history of respiratory allergy (asthma, rhinitis). She experienced inspiratory dyspnea, angioedema, and glottis edema 10 minutes after the administration of a measles-mumps-rubella vaccine grown in cultures of chicken embryo fibroblasts. She was treated with parenteral corticosteroids and recovered within 30 minutes. 6. Latex anaphylaxis occurred in a 13 1 ⁄2-year-old boy who was polysensitized to inhalant and food (meat, vegetables, fruit) allergens and also had a previous history of asthma, urticaria-angioedema, and atopic dermatitis. He developed urticaria oculorhinitis, asthma, and angioedema after 30 minutes and hypotension 120 minutes after undergoing appendectomy surgery. Epinephrine, corticosteroids, and antihistamines were continuously administered intravenously in an intensive care unit. An allergic evaluation disclosed a positive cutaneous response to latex. 7. Immunotherapy anaphylaxis occurred in a 13-year-old girl with a previous history of rhinitis and asthma, monosensitized to grass. One minute after the administration of ITS to grass she developed inspiratory dyspnea, urticaria, and angioedema. 8. Additive anaphylaxis with a severe reaction (pruritus, urticaria-angioedema, glottis edema) occurred in a 11-year-old girl a few minutes after eating a slice of mortadella (a typical Tuscan coldcut). The girl was polysensitized to inhalant allergen and had suffered from rhinitis previously, but had neither sensitivities to food nor any personal history of food allergy. A double-blind challenge with 100 mg of sodium glutamate was performed in order to better understand the cause of this anaphylaxis. A positive response (urticaria, angioedema) occurred after 5 minutes. Oral corticosteroids and epinephrine were administered and all symptoms disappeared in 1 hour. 9. "Idiopathic" anaphylaxis.
• Six episodes occurred in 3 patients, for which no specific etiologic factor could be discovered.
• The mean age Ϯ SD was 10.3 Ϯ 4 (range, 3-13.3) years.
• The female:male ratio was 1:2.
DISCUSSION
Anaphylaxis is widely understood to be an immediate life-threatening condition that can occur at all ages and frequently in subjects with a history of atopy.
Data about the prevalence of the various causes of anaphylaxis is scarce, especially in children. In adults some reasonable estimates report that hymenoptera sting anaphylaxis occurs in 0.4% of the population 6 and penicillin-induced anaphylaxis occurs every 10 -50 cases/100 000 injections. 7 In a review of patients admitted to a university hospital during 1 year there were 9 cases of anaphylaxis out of 20 000 admissions. 8 In a retrospective study carried out among adult subjects, Sorensen et al 9 have reported an incidence of 3.4 cases/100 000 inhabitants of anaphylactic shock per year that occurred in a hospital catchment area over a 13-year period. The precipitating agents were penicillin in 7 cases, aspirin in 3 cases, food in 2 cases, and bee or wasp stings in 8 cases. In one study of 172 anaphylactic reactions, foods, especially nuts, were the major causative agent, predominantly in children and adolescents. Therefore, foodstuffs appear to be the most important etiologic factor, as http://www.pediatrics.org/cgi/content/full/101/4/e8far as children are concerned, while hymenoptera venom, drugs, and idiopathic forms are more likely to occur in adults. 10 In our study we have collected details of 95 reactions in 76 children providing information on the clinical features of anaphylaxis in this age group, until now insufficiently reported.
As in other allergic diseases 11 there is a predominance of the male gender (2:1); the reason for this phenomenon is probably due to the high degree of the male/female ratio in hymenoptera and exercise anaphylaxis ( Table 2) . Insect sting anaphylaxis has been reported to be more frequent in adult male subjects. 12 This phenomenon may be explained on the basis of exposure in adults, but in children this phenomenon cannot be so easily explained away, as the time spent by both male and female subjects outside is almost the same.
The reports on exercise-induced anaphylaxis describe just a few cases each, so the relevance of the gender of the subjects is not clear. However, it has recently been pointed out that there is indeed a male predominance within a group of subjects with exercise-induced anaphylaxis (female:male ϭ 4:10). 13 Sixty-four percent of our patients had a personal history of atopic disease (atopic eczema, asthma, and allergic rhinitis unrelated to anaphylactic reactions). However, this was less frequent among children with hymenoptera-induced anaphylaxis (Table 2) .
A previous allergic eczema is more frequent among patients with food-induced anaphylaxis. Children with food anaphylaxis are highly atopic, with a severe allergy to food; indeed, the association between atopy and food anaphylaxis has been previously reported. 10 A positive history for urticaria-angioedema (Table  2) is more prevalent among patients with exerciseinduced anaphylaxis. This is not surprising because exercise-induced anaphylaxis is a dramatic manifestation of mast cell activation pathophysiology, a phenomenon not yet fully understood.
14 Moreover, urticaria-angioedema is a characteristic initial symptom of this clinical type of anaphylaxis for which other cofactors are often needed. 15 The mean latency period in the 95 episodes of anaphylaxis was 15.45 Ϯ 27.53 minutes. No difference was found in the latency of anaphylaxis on the basis of a difference in agents. On the other hand, the age at which the 95 episodes occurred, was inversely related to latency (Fig 1) . This is probably attributable to the fact that the most important cause of anaphylaxis in the younger child is food and the anaphylaxis caused by ingested agents is often not so severe and slower to begin. Skin and respiratory symptoms are more common and earlier in onset than cardiovascular ones.
In our study food was the most important cause of anaphylactic reactions, especially in children of a younger age (Fig 2) . Seafood and milk were the foodstuffs most often incriminated, while nuts, eggs, fresh fruit, cereals, and vegetables as well as goat milk were cited in relatively few cases. It is of particular interest to note that in our study nuts were not the main food responsible for anaphylaxis, as was reported in another paper 10 in which the majority of subjects with food anaphylaxis were younger than 18 years of age. In particular, peanuts were responsible for only one episode of anaphylaxis. In other countries (United States, England) peanuts are the most common cause of life-threatening reactions both in children and adults. 16 Increased exposure early in life and a greater consumption of peanuts in these countries (in the United States peanut consumption is 3.5 kg per person/year, 16 while in Italy it is only 0.68 kg per person/year 17 ), as well other factors, may explain these different data. 18 Drugs accounted for 11% of the episodes reported in our study with nonsteroidal antiinflammatory drugs and antibiotics as the substances most frequently involved. Only a small number of epidemiologic studies have been carried out on the role of drugs as an etiologic factor of anaphylaxis. Pumphrey and Stanworth 10 failed to find any drug-related anaphylaxis in children and adolescents. On the other hand among adults, anaphylaxis caused by a number of different drug substances (muscle relaxant, haemeccel, penicillin, and naproxin) 10 was not a rare adverse event.
Exercise, which was not cited as a cause of anaphylaxis in the previous reports, is quite a frequent trigger among adolescents and young adults. 13 In our study this factor is related to 9% of the total episodes and in 20% of the cases occurring in patients more than 8 years old. It is often food-dependent, but it is difficult to identify the specific foodstuff involved. Usually these patients are polysensitized to either vegetable protein or inhalant antigens and the anaphylaxis occurs only if more than one of the allergenic foods are ingested before exercise is performed outdoors in the presence of a high concentration of inhalant allergens. Furthermore, other cofactors are often needed, such as drugs, high humidity, etc, and for this reason it is not always a reproducible syndrome. Avoiding the consumption of solid foods 4 hours before any physical exercise is the best means to prevent relapses, at least in atopic subjects with a very suggestive history. 13 Systemic reactions to hymenoptera stings are commonly present in 6/1000 of the general population, 19 but the prevalence in the pediatric population is unknown, especially as far as the anaphylactic reaction is concerned. In our study 11/95 (12%) of episodes were attributable to hymenoptera stings. Wasp, bee, and polistes were equally responsible for anaphylactic reactions. As previously reported, atopy was not necessarily a risk factor, as the majority of children have negative skin tests to common inhalant and food allergens. Two episodes of vaccine-dependent anaphylaxis occurred. The etiologic factors in these cases are unknown, but according to a recent paper, the gelatin could be suspected in at least in one case (the child was polysensitized to food). 20 These data confirm recent evidence 21 that the vaccine-induced anaphylaxis occurred, whether or not there was an egg allergy, and independently of whether the vaccine was grown in a fibroblast embryo chicken culture or on human diploid cells. However, in the case of an adverse reaction after the administration of a vaccine, the patient should be
